be key in the analysis of pacemaker definition and function. Special emphasis was placed on the magnet rate A computer-assisted program for follow-up monitoring of as this measurement was usually a measure of the implanted cardiac pacemakers has been in operation at pacemaker's function. Thus, for each patient contact, the San Francisco Veterans Administration Medical updates to this fixed data set were collected and a Center since 1977. It was originally created a t a time report was generated (see Figure 1) AS a special and unique feature, the system searches the parameters and features) and the Of the data base for all instances of user specified pacemakers. program to follow 4000 patients-In addressing the above The output of this search produces lists of patients and involves distributed data structures, interactive multichanneled to a graphics package to yield an aggregate tasking and non-deterministic data structures. The picture of the observed of the pacemaker resultant computer-based will allow for maximum model as a function of magnet rate and device age. These flexibility in the definition of data for differing graphic displays show trends in longterm performance pacemakers while permitting coherent and meaningful which can then suggest to the clinical staff to the studies to be performed across large patient possibility of adjusting patient contact schedules. In
the next contact is made. As an added insurance measure recent have necessitated a major of reliability against losing patients to follow-up, the reassessment of this project as a Well as redesign of the system routinely verifies all active patients to be on the contact schedule. entire computer infrastructure: the advent of multiprogrammable and multi-chamber pacemakers (presenting a wide variety of selectable and interacting AS a special and unique feature, the system searches the parameters and features) and the Of the data base for all instances of user specified pacemakers. program to follow 4000 patients-In addressing the above
The output of this search produces lists of patients and involves distributed data structures, interactive multichanneled to a graphics package to yield an aggregate tasking and non-deterministic data structures. The picture of the observed of the pacemaker resultant computer-based will allow for maximum model as a function of magnet rate and device age. These flexibility in the definition of data for differing graphic displays show trends in longterm performance pacemakers while permitting coherent and meaningful which can then suggest to the clinical staff to the studies to be performed across large patient possibility of adjusting patient contact schedules. In
Of pacemakers was two problems we have embarked On a project which their respective pacemaker history. This data is also extreme Cases, the clinic can also easily contact patients with the reviewed model for scheduling immediate replacement of the unit.
Introduction
In 1977 the San Francisco VA Medical Center initiated a computer-assisted pacemaker surveillance program. The primary objectives of this program were to collect data reflective of the individual patient's pacemaker performance (via telephone contact), to generate a cumulative and concise report illustrating the pacemaker performance and characteristics, to ensure that patients were not lost to follow-up, to review each pacemaker model's performance across many patients and to use that aggregate data to positively affect the individual patient's care .
Operationally, the system was to be highly responsive, providing rapid access to all relevant patient parameters at the time of telephone contact. A s each contact was to be relatively short in duration, the access had to be efficient with minimal user interaction.
1
Current Status of the System
To date, all the objectives listed above have been realized for a population of over 1300 patients, 17
pacemaker manufacturers, more than 200 pacemaker models and sixteen VA medical centers. When the project was initiated, a finite and well understood set of pacemaker and patient parameters were determined to U.S. Government work. Not protected by U.S. copyright.
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All these data collection and output generation components are based on a traditional computer system using conventional and fully deterministic data management techniques. Therefore, each pacemaker record is logically identical although the physical size varies according to the number of contacts producing evaluative data for cumulative reports.
Stimulation for Clmgg
Despite its success, the computerbased support for the pacemaker surveillance clinic must be completely restructured. This redesign is not intended to redefine the basic goals as they remain the crux for successful operation. Rather, they are external influences which weaken the initial system's utility and functionality.
The first and foremost of the external influences is the advent of multi-chamber and multi-programmable pacemakers. 
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75"X * * * * * * * t *'x. * * * A * * * * * * * * * * ******* pacemaker model has its own unique set of parameters and inter-relationships of those parameters. Moreover, each model may perform somewhat differently according to its own logic, the currently sensed status of the patient, the current status of the pacemaker and the current programming. To make matters worse and nondeterministic, the actual state of a specific pacemaker may be dramatically different for the same patient throughout a normal day. Whereas this adaptability of the pacemaker may be beneficial to the patient, it suggests that measurement and interrogation of the pacemaker may produce widely variant and perhaps unrelated data sets. This type of situation will undoubtedly be dominant as pacemaker manufacturers refine and enhance their 4 soft ware-organized mu1 t i-program ma ble pace makers .
Accordingly, the computer-assisted pacemaker surveillance program must grow with this trend.
The second external influence is a result of the success and subsequent expansion of the pacemaker surveillance clinic. When the project was conceived, the clinic was concerned with only the San Francisco VA Medical Center's patients. A s the computer-based support was introduced and validated, the clinic was charged with following all VA pacemaker patients in the Medical District (five medical centers, various out-patient clinics and nursing homes). Additional nursing staff was employed, but only one nurse accessed the system at a time. Success within the District resulted in expansion of the clinic to follow patients in the mid-western and western regions (a population of over 4000 patients).
Because the patient population must increase from t h e initial 100 patients, the methods of managing the data demand restructuring. The initial system simply was not designed to efficiently or effectively manage a data set of this type and magnitude. Modifications are also necessary to assure acceptable response time and to improve the user interface in the event of larger data sets and an increased number of simultaneous users.
Conversion to the New System
The first step in enhancing the computer-assisted surveillance system has been to discard the conventional approach of a single program acting on a single large data structure. Rather, it is proposed that the data be distributed across several structures and that the program logic be modularized into interdependent tasks.
The distribution of the data introduces a challenge to manage non-deterministic data. Whereas some data will continue to be uniform or predictable (e.g., patient address, next of kin), the specification of a pacemaker may be non-deterministic. Beyond this, the evaluation of the pacemaker performance at the time of patient contact will be dependent on the specification of the generator as it was last programmed. To accommodate this unpredictable data, the new system will be supported by "Smart Files" which will allow for dynamic, userdefined data maps. A s each patient is registered, the current status of his pacemaker can be defined from a map. Subsequent reprogramming of the pacemaker will then "deactivate" the individual patient's current definition of the pacemaker model and introduce a new one which defines the same pacemaker in an altered mode of operation. It is important to note that the definition of the individual's pacemaker may be as nondeterministic as the map for the full capabilities of the pacemaker model. Thus, each contact may yield a distinct set of parameters. Each of these parameters may impact the clinical evaluation of the pacemaker's performance and hence the extra effort involved in capturing these data is a critical step in upgrading the system.
Use of modular tasks with intertask communication will increase the maintainability, flexibility and responsiveness of the system. This approach is also useful in providing an efficient means for adding functionality to the system. Experimentation with the "smart files" and interdependent modular tasks has been underway for several months. Initial efforts have resulted in a responsive, flexible system. Work is still underway on this project. Specifically, the non-deterministic quality of the pacemaker data will necessitate further refinement and experimentation with the technique. However, the approach has shown to be promising and it is intended to continue and complete the system according to the projected plan.
Conclusions
The computer-assisted pacemaker surveillance program a t the San Francisco VA Medical Center has experienced two major external impacts: the advent of new technology in pacemaker design and a significant increase in patient population. Whereas the initial system continues to meet basic functional goals, a major overhaul is essential to compensate for the changing environment. The resulting computer-assisted system will support a multi-tasked set of interactive modules managing both deterministic and non-deterministic data,
The expected outcome will yield a data management
